Purpose of the Study: Combined vision and hearing loss [dual sensory loss (DSL)] is commonly experienced by older adults. The literature on comorbidities and outcomes associated with DSL in older adults is limited and thus a systematic review was conducted to explore the existing research and identify gaps in the evidence base. Design and Methods: A review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews. Forty-two articles were selected for review. Results: Although several studies evaluated DSL and its comorbidities and impacts, few fully met the criteria for good study design. Reviewed studies primarily investigated DSL and its comorbidities using cross-sectional methods and varying methods of vision and hearing assessment. Many of the studies were large population studies that did not provide sufficient information to draw valid conclusions about the impact of DSL in older adults. Implications: Studies focusing specifically on sensory loss in older people across a broad age range are needed to inform clinical practice so that DSL and its impacts in older adults can be identified and managed, leading to improved quality of life for this population.
the prevalence of DSL in older adults (65 years and older) as 22.5%, Harada and colleagues (2008) estimated the prevalence of DSL as increasing from 3% in those aged 60-69 years to a dramatic 21.9% in those aged 80 years and older. This disparity in prevalence estimates reflects the enormous difficulties associated with studying DSL. DSL is a multidisciplinary disorder that requires the collaboration of numerous professionals including audiologists and optometrists, among other professionals. Thus, identifying and diagnosing DSL requires cross-disciplinary collaboration (Heine, Erber, Osborn, & Browning, 2002; Li Korotsky, 2012) although DSL is frequently poorly documented in medical records (Dullard & Saunders, 2014) . DSL is also associated with health issues, reduced independence and participation in activities (Crews & Campbell, 2004) , and withdrawal from communication-based and social activities (Heine, Erber, Osborn, & Browning, 2002; . Existing studies investigating the prevalence and impacts of DSL are often not comparable as they vary in the population studied, and the disparate methods used to measure DSL.
Recently, we conducted a systematic review of the impacts of DSL on mental health (Heine & Browning, 2014) and found some evidence for the association between DSL and depressive symptoms. Of the eight studies investigating depression, five found a notable increase in depressive symptomatology in participants with DSL. The remaining three studies concluded that DSL did not add to the likelihood of participants developing depression, and that the association between DSL and depression disappeared when accounting for existing medical conditions. We noted a number of consistent methodological issues in those studies including the use of incongruent measures to identify DSL, and the lack of studies focusing on people in late life. The objective of this article was to extend the previous review by including studies that investigated DSL and its association with other comorbidities beyond mental health. In this review, we have therefore expanded the focus to include articles that also examine activities of daily living (ADLs), general health, social roles, health behaviors, communication difficulties, and mortality, in the context of DSL.
A review of this broader DSL literature is timely, to identify the prevalence of DSL, and explore its effects on older adults. In order to design targeted interventions and services to promote healthy ageing for older people, we need to understand the extent and impact of various health conditions, including DSL. While many age-related conditions have been examined in the research literature, DSL has received alarmingly less attention.
This systematic review aimed to appraise the evidence from studies investigating the prevalence and effect of acquired loss of combined vision and hearing loss (DSL). The following broad areas were explored when reviewing and appraising each study's characteristics: (a) The rationale and objectives of the research study; (b) The methods employed (specifically, the study design, setting, participants, data measurement, and statistical analysis) and; (c) The results of the reviewed studies.
Methods

Evidence Acquisition
Literature Search
The Preferred Reporting Items for Systematic Reviews (PRISMA) (Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009 ) was used to conduct this systematic review. The following databases were searched from March 2012 to March 2013 and updated in February 2014: Cochrane Library, Medline, PsycINFO, Sociological abstracts, and Scopus. Combinations of text words, thesaurus terms, and free terms that included older adults (including aging, ageing, elderly, or seniors) with ANDcombination of the terms hearing and vision, vision and hearing or dual sensory, loss or impairment were used. Known articles on DSL were searched manually.
Inclusion Criteria and Selection Process
Studies were included if they: (i) included adults aged 60 years and older; (ii) examined combined hearing and vision loss, and (iii) were written in English.
Articles were considered in this review if they were: fulltext, peer-reviewed articles published from 1990 onwards. The primary author initially screened the titles, keywords, and abstracts of selected articles and then checked them, excluding those that were out of scope. Subsequently, both authors independently reviewed the articles to determine their suitability. Disagreements were resolved in discussion with a third reviewer (a research assistant).
Data Extraction and Quality Assessment
The primary author extracted data on the study population. Quality descriptors were derived of the rationale and objectives of the study, methods used, the results obtained, and discussion points for each reviewed study.
Results
Evidence Synthesis
The initial search based on the title yielded 5,983 potential studies. There were 5,092 articles that were excluded since they were either duplicated, did not specifically include information on hearing and vision loss, did not include older adults (60 years and older), did not include original data or were not a peer-reviewed empirical study. The remaining 891 records were screened and 793 were excluded based on the above factors (n = 43) or if the study focused on hearing (n = 261) or vision loss (n = 489) separately. Of the 98 articles that underwent further detailed inspection, 56 articles were again excluded on the basis that the focus of the study was on separate hearing and vision loss with no mention of a combined dual sensory construct. Finally, 42 articles were retained for this review (see Figure 1 ).
Rationale and Objectives of Reviewed Studies
Reviewed studies are identified by number in Table 1 .
The majority of the studies aimed to investigate the association between DSL and either the comorbidities or variables that influence DSL. Only eight studies primarily investigated the prevalence of DSL in various population groups (studies 5, 16, 17, 21, 28, 33, 38, 39) , while 34 studies investigated the prevalence of DSL as well as its association with other variables. Our previous analysis of this review data set focused only on DSL and mental health (eight studies in total were previously reviewed, see Heine & Browning, 2014) and yielded seven studies investigating DSL and depression (studies 7, 10, 11, 19, 33, 35, 36) and one study (study 9) that investigated DSL, depression, and other quality of life variables. In this analysis, there was one further study (study 26 that was published post our 2014 review) that investigated DSL and mental health. In this review, we identified nine studies that investigated DSL and multiple comorbidities such as physical health status and activity restriction (studies 2, 8, 13, 14, 22, 23, 29, 41, 42) , five studies that investigated DSL and everyday competence in conducting ADLs and/or Instrumental Activities of Daily Living (IADLs) (studies 3, 4, 15, 18, 37) , three studies investigating DSL and social functioning or engagement in lifestyle activities (12, 32, 40) , three studies investigating DSL and mortality (studies 1, 28, 30) and four studies investigating DSL and one of the following: communication The Gerontologist, 2015, Vol. 55, No. 5 Hearing: pure-tone air conduction audiometry in a relatively quiet room. Hearing thresholds (without hearing aids) were determined for 0.5, 1, 2, and 4 kHz. Mean loss in decibels over the four frequencies computed and better ear score was used.
Higher scores = better function Hearing: pure-tone air-conduction thresholds obtained for each ear at 250, 500, 1,000, 2,000, 3,000, 4,000, and 8,000 Hz; Boneconduction thresholds at 500 and 4,000 Hz. Hearing loss = pure-tone average of 500, 1,000, 2,000, and 4,000 Hz greater than 25 dBHL in either ear Lam et al. (2006) #28 Visual impairment Questionnaire Hearing impairment Vision: participants indicated whether they or any family members had "blindness in 1 or both eyes" and "any other trouble seeing with one or both eyes even when wearing glasses" Concurrent visual and hearing impairment Hearing: participants indicated whether they or any of their family members were "deaf in one or both ears" or "had any other trouble hearing with one or both ears" Vision: participants indicated whether they or any family members were "blind in one eye or both eyes" or "had any other trouble seeing with one or both eyes even with wearing glasses" Sensory Impairment (SI)
Hearing: participants indicated whether they or any of their family members were "deaf in 1 or both ears" or "had any other trouble hearing with 1 or both ears" Impairment: Used modified ICD-9 codes to classify: blind in both eyes; visual impairment in both eyes; blind in one eye and visually impaired in the other; blind or visually impaired in one eye only, with good vision or vision not mentioned in the other; deaf both ears; hearing impairment one or both ears; deaf in one ear and hearing impairment in the other; and deaf or hearing impairment in one ear only (with good hearing or hearing not mentioned in the other ear) Lee et al. (2007) 
#30
Hearing impairment Questionnaire or proxy Visual impairment Vision: participants indicated whether they or any family members were "blind in one eye or both eyes" or "had any other trouble seeing with one or both eyes even with wearing glasses" Sensory Impairment (SI) Hearing: participants indicated whether they or any of their family members were "deaf in one or both ears" or "had any other trouble hearing with one or both ears" Impairment: Used modified ICD-9 codes to classify: blind in both eyes; visual impairment in both eyes; blind in one eye and visually impaired in the other; blind or visually impaired in one eye only, with good vision or vision not mentioned in the other; deaf both ears; hearing impairment one or both ears; deaf in one ear and hearing impairment in the other; and deaf or hearing impairment in one ear only (with good hearing or hearing not mentioned in the other ear) Lin et al. Vision: rating scale-"With your glasses, is your eyesight excellent, very good, good, fair, or poor?" and if legally blind (volunteered information). Impairment = report of fair or poor eyesight; or legal blindness. Hearing: rating scale-"With your hearing aid, is your hearing excellent, very good, good, fair, or poor?" Impairment = report of fair or poor hearing Reuben et al. (1999) #37 Visual impairment Questionnaire and Measurement Hearing: average hearing loss in decibels (dB HL) at frequencies of 500, 1,000, and 2,000 Hz was at least 35dB HL in the better ear The Gerontologist, 2015, Vol. 55, No. 5 difficulty (study 20), acute confusion (study 6), cognition (study 31), or employment (study 34).
Methods Used in the Selected Studies
A remarkable variety of methods were used to investigate DSL, with cross-sectional design the most common (n = 31). There were three studies that reported baseline data from a longitudinal study (studies 3, 12, 23) and there was one exploratory study (study 34). Eight longitudinal studies (varying from 28 days to a 16-year follow-up) investigated DSL and comorbidities such as depression, confusion or functional disability, and dependence over time (studies 1, 4, 6, 11, 26, 35, 37, 38 (studies 5, 14, 15, 18, 24, 28, 29, 30, 36, 37) . These inadequacies included: that the study was primarily an extensive population study with a small number of older adults with DSL, and the results were not reported in great detail (such as Khandekar & Al Khabori, 2004, study 24) ; the study was part of a larger prospective study (such as Dargent-Molina et al., 1996, study 15) or the study was part of a larger study and multistage sampling was used although a comprehensive methodology was not provided (such as Lam et al., 2006, study 28) . The sample size of the studies varied from under 100 participants to incredibly large population-based studies including 100,000+ participants (although not all were older adults with DSL). For example, although the total sample size in the Crews and Campbell (2004) (study 13) study was 30,000, only 779 had DSL. Seventeen studies (studies 5, 7, 22, 23, 24, 26, 27, 28, 29, 30, 34, 35, 36, 38, 39, 40, 42 ) also included younger participants. For example, the baseline age in the study by Caban and colleagues (2005, study 5) was 18 years. The oldest adults surveyed were also only sometimes specified. For example, the ceiling age in the Keller et al. (1999) (study 22) study was 102 years.
Most participants lived in the community (i.e., they were not residing in care facilities). Participants were recruited and/or interviewed in their own homes, by telephone or in senior centres. A few studies were conducted in rural settings (studies 6, 19), included participants in long term care (study 6), in hospital wards or those attending specialist Vision questions: how much difficulty they had (even with glasses) seeing well enough to read street signs at night, recognize a friend across the street, and read a newspaper. Impairment = same response sets and scoring algorithms used to categorize vision impairment as hearing impairment Double effect
Hearing questions: how much difficulty they had (even with a hearing aid) hearing and understanding words in a normal conversation, hearing words clearly over the telephone, and hearing well enough to carry on a conversation in a noisy room. Response sets used for assessing level of hearing difficulty = "a great deal" (3), "some" (2), "a little" (1), or "none" (0). Scores were summed. Impairment = no hearing impairment (score of 0), mild hearing impairment (score of 1-3), and moderate or more hearing impairment (4 or higher) Table 1 . Continued
The Gerontologist, 2015, Vol. 55, No. 5 assessment units (studies 17, 18, 22, 24, 39, 41) . Most studies were conducted in the United States (studies 2, 3, 4, 5, 6, 7, 13, 14, 16, 27, 28, 29, 30, 31, 34, 35, 36, 37, 39, 42) , seven studies were conducted in Australia (studies 9, 12, 20, 21, 25, 32, 38) , two studies in Italy (studies 1, 8), one study across Europe (study 40), two studies in Oman (studies 24, 25), and one study in each of the following countries: Japan, Finland, Hong Kong, UK, France, Norway, Canada, Germany, the Netherlands, and the Nordic region. Most studies included men and women with merely two studies targeting only women (studies 15 and 31). Only few studies reported findings on minority ethnic groups such as African-Americans (study 2), Asian-Pacific Islanders (study 5), and Black or Hispanic participants (study 16).
Twenty-five studies sampled only older participants (those aged 65 years and older) and reported the results in a way that enabled substantial conclusions to be drawn about DSL in older adults while 17 studies (studies 5, 7, 9, 20, 24, 26, 27, 28, 29, 30, 34, 35, 36, 38, 39, 40, 42) included both young and old participants.
Many studies were restricted to specific population groups limiting generalization of the results (see studies 1, 3, 4, 5, 12, 14, 15, 21, 22, 23, 24, 27, 28, 29, 30, 35, 37, 42) . For example, Jee et al. (2005) (study 21) investigated DSL in older adults who were being evaluated for aged care services.
A number of studies used nonconventional methodologies (studies 13, 14, 18, 24, 28, 29, 30, 36) . For example, Lee et al. (2005) (study 29) used a proxy as one of the methods to determine DSL. In a number of studies (studies 5, 21, 25, 28, 29, 30, 35, 36, 37, 42 ) information relating to DSL was difficult to analyze although the study met the criteria for inclusion in this review. For example, Khandekar et al. (2010) (study 25) only provided information about DSL in the table data or as a brief mention in the discussion section and thus, results relevant to DSL were difficult to interpret and generalize.
Predictably, self-reported difficulty was used to evaluate sensory loss with 20 studies evaluating vision (studies 2, 3, 4, 5, 7, 10, 11, 13, 14, 16, 17, 18, 20, 33, 34, 35, 36, 37, 40, 42) and 19 studies evaluating hearing, using selfreport (studies 2, 3, 4, 5, 7, 10, 11, 13, 14, 15, 16, 17, 18, 20, 34, 35, 36, 37, 40) . Standardized measures (mostly the Snellen visual acuity test) were used to evaluate visual acuity in 19 studies (studies 1, 6, 8, 9, 12, 15, 19, 21, 22, 23, 24, 25, 26, 27, 31, 32, 38, 39, 41) , and pure-tone audiometry was used to evaluate hearing in 14 studies (studies 9, 12, 19, 21, 23, 24, 25, 26, 27, 31, 32, 38, 39, 41) . Six studies (studies 1, 6, 8, 22, 33, 42) evaluated hearing via observation (e.g., using the whisper test). Three studies (studies 28, 29, 30) obtained sensory data indirectly such as via a proxy.
The terminology used in the studies to describe vision and hearing loss also varied (See Table 1 ).
Methods used to analyze data ranged from descriptive statistics (studies 16, 20) to inferential statistics such as chi-square, ANOVA, and post hoc tests (studies 1, 5, 6, 12, 18, 25, 27, 32) , multivariate analysis (studies 2, 3, 8, 9, 14, 23, 31) , and odds ratios (studies 13, 24). Regression analysis was used to examine relationships between DSL and other variables (studies 4, 7, 10, 11, 15, 17, 19, 22, 26, 28, 29, 30, 33, 37, 38, 40, 41, 42) . Trajectories were used to examine the change in prevalence of DSL over time in two studies only (studies 35, 39). Thirty-seven studies presented data relating to DSL in the Data Analysis section while five studies (studies 10, 15, 21, 34, 36) referred to DSL in the Methods section and then in Tables or only briefly in the Discussion section.
Results of the Reviewed Studies
The majority of studies (38 studies) provided specific results in relation to DSL while four studies (studies 5, 15, 36, 37) did not solely focus on DSL but had findings relevant to DSL in older adults.
The prevalence of DSL varied from 3.3% , study 5) to as much as 64% (Heine & Browning, 2002, study 20) with little agreement between studies. This immense disparity is in part due to the population size or the group targeted [e.g., in the Caban et al, (2005) study (study 5), participants were derived from a large population study while in the study (study 20), participants attended a day centre for people with vision loss]; assessment method used (such as by proxy, questionnaire, or standardized measure) or criteria used to evaluate DSL (such as using a four-point likert scale or a variable that measured the presence or absence of DSL).
Twenty-four studies investigated relationships between DSL and other variables such as functional status, health and social roles, lifestyle behaviors, communication, mortality confusion, and cognition, of which nine studies were multidimensional investigating a number of comorbidities (See Table 2 ).
As is evident from Table 2 , the most common associations examined were DSL and functional difficulties. Outcomes of these studies suggested that participants with DSL had difficulty completing ADLs and IADLs. Only few reviewed studies investigated the relationship between DSL and cognitive decline or confusion, whilst none specifically investigated DSL and dementia. Uncommonly, studies investigated other associations such as DSL and mortality, or social health. Overall, the studies that investigated these important associations concluded that adults with DSL showed greater disparities in their health and social roles and had less social contact than those with unisensory loss or intact sensory acuity.
Discussion
This systematic review aimed to critically evaluate the evidence from studies that examined DSL and its effects on older adults. The primary limitation of the reviewed studies was that they were not designed to explicitly examine DSL in older adults and its effect over time. Studies were predominantly cross-sectional in nature, and based on large population groups that included both younger and older adults. Only few studies differentiated between the older adult cohort, such as the young-old (those aged 65-74 years), the middle old (those aged 75-84 years) and the old-old (those aged 85 years and older). The lack of DSL studies that specifically focus on older people in late life is particularly problematic given the rapid increase in the numbers of older people in their 80s and 90s. Furthermore, studies primarily collected data via self-report using highly inconsistent terminology. We have previously discussed the need for a consensus statement on the measurement of DSL in clinical and cohort studies (Heine & Browning, 2014) .
In this review, many studies focused on the association between DSL and multiple comorbidities (such as decreased physical health) or decreased functional competence in completing ADLs and IADLs. It is not surprising that DSL impacts on general functioning. Performing general household tasks and personal care tasks are highly reliant on sensory processing. As sensory impairment increases some people may have the internal and external resources to adapt to these changes, but for many, specific interventions need to be considered to assist older people with DSL to adapt and gain new skills to address functioning. Homecare service providers also need to be acutely aware of the multitude of limitations afforded by DSL and tailor support services accordingly. In our previous review, we found some conclusive evidence for the association between DSL and depression (Heine & Browning, 2014) . As multimorbidity increases with age (Fortin et al., 2012) , it is important for Grue et al. (2009b) , Reuben et al. (1999) Participants with DSL had increased dependency and greater difficulty with completion of ADLs and IADLs (ADL/IADLs)
Results of longitudinal studies suggested that difficulty was apparent at baseline but decreased over time (Brennan et al. 2006 ) Social health/ lifestyle Clark et al. (1999) There was no significant joint effect of vision and hearing impairments on participation in activities Lind et al. (2003) , Viljanin et al. (2013) Participants with DSL participated in less social activity and had fewer frequent social contact with others although they had the same social network size as those without DSL Mortality Appollonio et al. (1995) The mortality rate was higher for men with hearing impairment than those with DSL Lam et al. (2006) The mortality risk was reported as unknown Lee et al. (2007) Participants with DSL had an increased risk of mortality The Gerontologist, 2015, Vol. 55, No. 5 service providers to fastidiously understand the potential for cumulative effects of medical conditions on mental health necessitating early intervention. However, there is some evidence that transitioning from vision impairment to DSL did not increase the likelihood of depression implying that older adults may adapt to a sensory loss sufficiently to mitigate the effects of further sensory losses (Chou, 2008; Lupsakko, Mantyjarvi, Kautiainen & Sulkava, 2002) . Again, how this superfluous adaptation is influenced by the presence of other chronic conditions is unclear. This is an area for future research focus and we ask the question: What are the impacts of cumulative sensory losses in the context of other age-related conditions and how do individuals adapt to these losses? Not surprisingly, DSL also impacts on social contact. Given the positive relationship between social connectedness and mental health (Cornwell & Waite, 2004) , it is feasible that providing suitable interventions to improve social contact in older people with DSL may lead to improvements in mental health. One area that received little attention in the reviewed articles, is the impact of DSL on cognition. There is emerging evidence that vision loss impacts negatively on cognition (Chia et al., 2006) , as does hearing loss (Lin et al., 2013) . However, there was only one article in our review (Lin et. al. 2004 ; study 31) that specifically examined the impact of DSL on cognition. They found that DSL increased the likelihood of cognitive decline than either hearing or vision loss alone. This study focused on older women with hip fractures, hence generalization of the findings needs to be made cautiously although it was based on a large cohort of participants. Thus, a pertinent question for further exploration is whether the presence of both hearing and vision losses has an additive effect on cognition in older adults more generally.
Conclusions
With increasing longevity, DSL is an emerging public health issue that will dramatically influence the lives of millions of older people and their carers. While the impacts of hearing and vision loss separately have received attention in the research literature, DSL is a relatively neglected area of scientific inquiry compared to other age-related conditions. In order to advance knowledge in this area and improve services for older people with DSL, studies are urgently required that focus on samples of older people with DSL, that recruit participants across a wide age range, and include measures that are valid and reliable. In addition, while not the primary focus of this review, there are few studies that have examined the assessment and service needs of older people with DSL (see e.g., the Vision-Hearing Project; Schneider et al., 2014a, b) . In most health systems, vision and hearing services are disappointingly delivered separately. In order to design effective rehabilitation and support services for older people with DSL, we not only need to increase our understanding of the influence of DSL on older people, we also imminently require new models of care that are able to recognize and respond specifically to clients with DSL, particularly to their psychosocial needs (Heyl &Wahl, 2014) . A recent trial found support for an integrated DSL protocol on hearing aid outcomes in clients with DSL (Vreeken et al, 2015) and Roets-Merken et al (2013) are examining a self-management approach to DSL in older people living in aged care homes. Such approaches need to be further evaluated across different health system settings. Furthermore, multidisciplinary collaboration is essential to advance our understanding of DSL so its consequences can be ameliorated ensuring improved care and quality of life for older adults.
